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Psophocarpus Neck. ex DC. (Leguminosae; Papilionoideae) is a genus of eight tropical African legume species and with a single cultivated
Asian species P. tetragonolobus or the winged bean. Current increasing interest in the use of wild relatives as a source of adaptive traits for
breeding has lead to an attempt to clarify the phylogenetic relationships within the genus. To test the monophyly of Psophorcarpus, a cladistics
analysis was undertaken based on morphological characters recorded from herbarium specimens representing the nine species of Psophocapus
with species of three related genera, Vigna, Otoptera and Dysolobium, as outgroups. The results indicated that the genus Psophocarpus is
monophyletic and the nine species resolved into four subclades: subgen. Psophocarpus sect. Psophocarpus (P. palustris, P. tetragonolobus and
P. scandens); subgen. Psophocarpus sect. Vignopsis (P. lancifolius and P. lukafuensis); subgen. Lophostigma (P. obovalis, P. monophyllus and
P. lecomtei); and a new subgen. Longipedunculares (P. grandiflorus) which is herein proposed.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.
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Psophocarpus Neck. ex DC. (Leguminosae; Papilionoideae)
comprises nine species, eight of which are endemic to West,
Central and East Africa, while the ninth species is the commercially
important winged bean (P. tetragonolobus (L.) DC.), whose
distribution is centred in Asia, but the species has recently been
introduced into other tropical areas as a crop (Maxted, 1990).
Psophocarpus species have climbing, prostrate and erect habits,
uni- and tri-foliolate leaves, flowers that are borne singly, in
fasicles or on false racemes, ovaries with 3–21 ovules, and two
distinct stylar apex shapes, i.e. one connate and the other laterally⁎ Corresponding author at: Faculty of Agriculture and Biotechnology, Universiti
Sultan Zainal Abidin, Kampus Gong Badak, 21300 Kuala Terengganu, Malaysia.
Tel.: +60 9 6688533; fax: +60 9 6660244.
E-mail address: fatihah@unisza.edu.my (H.N.N. Fatihah).
0254-6299/$ -see front matter © 2012 SAAB. Published by Elsevier B.V. All right
http://dx.doi.org/10.1016/j.sajb.2012.07.010extended. The genus is defined by the presence of stipules
prolonged below the point of insertion, the upper pair of calyx teeth
forming an entire or bifid lip, the broad, auriculate and appendaged
standard petal, the keel that is beaked at right angles to the axis of
the flower, the style which is thickened above the ovary, the
presence of hairs below the stigma and pods that are oblong, +/−
distinctly 4-winged along the angles and septate between the seeds.
According to Verdcourt and Halliday (1978), the nine species
in the genus are Psophocarpus grandiflorus, P. lancifolius,
P. lecomtei, P. lukafuensis, P. monophylus, P. obovalis,
P. palustris, P. scandens and P. tetragonolobus. Verdcourt and
Halliday (1978) used morphological and palynological evidence to
divide the nine species into two subgenera, subgen. Psophocarpus,
with an internal or terminal stigma with hairs at the tip of the style,
and subgen. Vignopsis De Wild. with a terminal stigma and hairs
limited to a ring placed below or near the stylar apex. These authors
further subdivided subgen. Psophocarpus into two sections, sect.s reserved.
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basis of leaflet number (Fig. 1). Later Maxted (1990) undertook
a morphological phenetic analysis using 29 vegetative, 46
inflorescence, 16 legume and six seed characters and divided
the nine Psophocarpus species into two subgenera, subgen.
Psophocarpus and subgen. Lophostigma N.Maxted, on the
basis of the presence of a unifid stylar apex and terminal stigma
in the former, and an elongated stylar tip at right angles to its
long axis with an internal stigma in the latter. In addition,
subgen. Psophocarpus was further split into two sections, sect.
Psophocarpus with a terminal stigma and hairs found at the tip
of the style and sect. Vignopsis (De Wild.) N.Maxted with a
terminal stigma but with hairs found a short distance below the
style apex (Fig. 2). The main differences between the two
classifications are the relative positions of subgen. Lophostigma
and sect. Vignopsis, which are reversed, and the inclusion of
P. obovalis in subgen. Lophostigma with P. monophyllus and
P. lecomtei. Due to the consistent placement of P. grandiflorus
and P. tetragonolobus together in subgen. Psophocarpus sect.
Psophocarpus (Maxted, 1990; Verdcourt and Halliday, 1978),
Harder (1996) also consideredP. grandiflorus to be a close ally of
P. tetragonolobus based on the fact that they are indeterminate
twining climbers with large flowers and have shared seed
characteristics, while Verdcourt and Halliday (1978) reported that
both species possessed similar stylar and stigmatic vestiture.
Neither Verdcourt and Halliday (1978) nor Maxted (1990)
attempted to draw conclusions regarding the phylogenetic relation-
ships between Psophocarpus species, but interest in establishing
these relationships has grown due to both the need to exploit wider
species diversity in the search for adaptive traits for breeding as a
result of the threat posed by climate change and the increasing ease
of trait transfer between species (Maxted et al., 2004). Furthermore,
P. tetragonolobus (the winged bean, Goa bean or kacang botol in
Malaysia) is economically important and contains high levels of
protein, comparable with other crops like soya bean and ground nut
(Hymowitz and Boyd, 1977). Maxted (1990) found that withinSUBGEN. PSOPHOCARPUS Sect. Pso
grandiflorus
tetragonolobus
scandens palustris
SUBGEN. VIGNOPSIS
lancifolius lukafuensis
Fig. 1. Classification of Psophocarpus speciesect. Psophocarpus, P. scandens and P. palustris were closely
allied with P. tetragonolobus more remotely allied to these two
species (all of which shared the same basic stigma/style ar-
rangement), and P. grandiflorus more isolated within the section
with a distinct stigma/style arrangement and other characters
relating to flower part size and shape that distinguished it from the
other three species. When trying to identify a possible progenitor
of P. tetragonolobus, Maxted (1990) suggested P. scandens is a
candidate as they shared several characteristics (level of pu-
bescence and flower characteristics). Harder (1996) noted that
P. tetragonolobus is a rare case of trans-domestication where the
centre of diversity for the genus as a whole and the area of
domestication are geographically remote from each other, with the
centre of diversity in Central Africa and the area of domestication
in Southeast Asia, which does compound the difficulty in trying
to identify the crop progenitor. This geographic isolation of
the crop led Verdcourt and Halliday (1978) to hypothesise that
P. tetragonolobus was domesticated from a now extinct Asian
progenitor. However, Harder and Smartt (1992) and Harder (1996)
considered P. grandiflorus as the closest ally of P. tetragonolobus
on the basis of their shared indeterminate twining, climbing habit,
the large flowers, seed characteristics, chromosome numbers and
the consistent placement of both species in subgen. Psophocarpus
sect. Psophocarpus (Maxted, 1990; Verdcourt and Halliday,
1978). Subsequently, Harder et al. (1990) noted the presence of
the host specific fungus, false rust (Synchytrium psophocarpi
(Rac.) Gäum.), on P. grandiflorus in Zaire which is also a common
infection on cultivated P. tetragonolobus in Asia, but they believed
it to be absent on other Psophocarpus species. However, Harder
and Smartt (1992) suggest further investigation of the extent
of occurrence of the false rust on other Psophocarpus species
is required before final conclusions can be drawn. Therefore, in
an attempt to resolve this issue, this study aims to investigate the
phylogenetic relationships between Psophocarpus species,
in particular to identify the likely crop progenitor of
P. tetragonolobus, but molecular phylogenetic relationshipsphocarpus
obovalis
Sect. Unifoliolate
lecomtei
monophyllus
s (from Verdcourt and Halliday, 1978).
SUBGEN. PSOPHOCARPUS Sect. Psophocarpus
grandiflorus
tetragonolobus
palustris scandens
Sect. Vignopsis
lukafuensis
lancifolius
SUBGEN. LOPHOSTIGMA
obovalis
lecomtei monophyllus
Fig. 2. Classification of Psophocarpus species (from Maxted, 1990).
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materials during the study.2. Materials and methods
The study was based on a morphological analysis of 191
herbarium specimens (Appendix A) loaned from: the National
Botanic Garden of Belgium (BR), Royal Botanical Gardens,
Kew, Surrey, England (K), Conservatoire et Jardin Botaniques de
la Ville de Geneva, Chambessy, Switzerland (G) and Museum
National d'Histoire Naturelle de Paris, Paris (P). Three genera
were selected as outgroups:OtopteraDC.,Dysolobium Prain and
Vigna Savi as these have been proposed as the most closely
related to the genus Psophocarpus (Baudet, 1978; Lackey, 1977,
1981; Maxted, 1991). Author names for species included in the
analyses are given in Appendix A and will not be repeated
elsewhere.
Morphological characters and character states were scored
throughout the ingroup and outgroup taxa using the criteria of
putative homology or hypothetical homology. A set of 51
binary or multistate characters (Appendix B) were polarised
using the outgroup method (Maddison et al., 1984; Watrous
and Wheeler, 1981; Wiley et al., 1991). Vigna racemosa was
selected as a root for all taxa in our analysis because the species
presents the most basal characters within the genus Vigna
(Maxted et al., 2004), such as projection of stipules beyond the
point of attachment and prolongation of the style beyond the
stigma. A data matrix consisted of 23 taxa and 51 characters
(Appendix C). The parsimony analyses were performed using
the maximum parsimony (MP) and trees were generated using
PAUP* (version 4.0b10; Swofford, 2002). The search for the
most parsimonious tree by heuristic search and bisection-reconnection (TBR) branch swapping were used, with retention
of multiple parsimonious trees (MaxTrees=10 000). Optimiza-
tion of characters was performed using the option ACCTRAN
(Accelerated Transformation optimization). To examine support
for the branches of the tree, bootstrap analysis based on 1000
replications was performed and characters were alsomapped onto
a single parsimonious tree (Hoberg et al., 1999).3. Results
3.1. Cladistics analysis
Two shortest parsimonious trees with a minimum length of 125
steps, a consistency index (CI) of 0.44 and a retention index (RI) of
0.68were obtained (Figs. 3 and 4). The genusPsophocarpus forms
a monophyletic group at node A supported by bootstrap value of
73%with the following synapomorphies: stipule length equal to or
more than 0.5 cm (#3), wing shape 3 (#27), vexillary filament
joined at the middle of staminal tube (#34), ovary linear (#35) and
pod wing prominent (#43).
Dysolobium was recovered as monophyletic, but includes all
species of Psophocarpus at node B. This clade is moderately
supported by bootstrap value of 71% and characterised by the
wings rounded at the apex (#28), pods pubescent (#45), hilum
spatially concealed by the aril (#49) and with a hilar groove (#51).
Within the Dysolobium clade, D. lucens is the closest relative to
Psophocarpus based on the keel sculpturing (#33). At node C,
the Otoptera species together with four species of Vigna,
V. lasiocarpa, V. speciosa, V. frutescens and V. monophylla,
form a monophyletic clade. However, there was no character
found to support this clade. Within this clade, Otoptera forms a
monophyletic subclade with V. lasiocarpa and V. speciosa as a
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Fig. 3. An equally parsimonious tree 1 resulting from the cladistic analysis of species morphological data. Terminal taxa: VR=Vigna racemosa, VX=V. vexillata,
VMU=V. mungo, VMO=V. monophylla, VMA=V. frutescens, VL=V. lasiocarpa, VS=V. speciosa, OB=Otoptera burchellii, OM=O. madagascariensis,
DA=Dysolobium apioides, DP=D. pilosum, DD=D. dolichoides, DG=D. grande , DL=D. lucens, PG=Psophocarpus grandiflorus, PLE=P. lecomtei, PM=
P. monophyllus, PO=P. obovalis, PLA=P. lancifolius, PLU=P. lukafuensis, PP=P. palustris, PT=P. tetragonolobus, PS=P. scandens. Psophocarpus species monophyletic
subclades: Ps=sect. Psophocarpus, Vi=sect. Vignopsis, Lo=subgen. Lophostigma and Lp=subgen. Longipedunculares. Bars=synaphomorphies; parallel lines=parallelisms;
crosses=reversals. Underlined numbers below the branches are bootstrap percentage value. Important nodes labelled as A, B, C.
81H.N.N. Fatihah et al. / South African Journal of Botany 83 (2012) 78–88sister group. This group is supported by the flower number that is
less than 10 per inflorescence (#17), the peduncle length equal to
or more than 20 cm (#18) and hilum length less than 0.1 cm
(#47). Sister to this clade is another monophyletic group formedbyV. vexillata and V. mungo, withV. racemosa basal to the whole
group.
Fig. 3 shows that Psophocarpus is divided into four
monophyletic subclades; Lophostigma (Lo), Vignopsis (Vi)
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Fig. 4. An equally parsimonious tree 2 resulting from the cladistic analysis of species morphological data. Terminal taxa: VR=Vigna racemosa, VX=V. vexillata, VMU=V.
mungo, VMO=V. monophylla, VMA=V. frutescens, VL=V. lasiocarpa, VS=V. speciosa, OB=Otoptera burchellii, OM=O. madagascariensis, DA=Dysolobium apioides,
DP=D. pilosum, DD=D. dolichoides, DG=D. grande , DL=D. lucens, PG=Psophocarpus grandiflorus, PLE=P. lecomtei, PM=P. monophyllus, PO=P. obovalis, PLA=
P. lancifolius, PLU=P. lukafuensis, PP=P. palustris, PT=P. tetragonolobus, PS=P. scandens. Psophocarpus species monophyletic subclades: Ps=sect. Psophocarpus, Vi=
sect. Vignopsis, Lo=subgen. Lophostigma and Lp=subgen. Longipedunculares. Bars=synaphomorphies; parallel lines=parallelisms; crosses=reversals. Underlined numbers
below the branches are bootstrap percentage value. Important nodes labelled as A, B, C.
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consists only of P. grandiflorus sister to the other three subclades
and supported by the peduncle length equal to or more than 20 cm
(#18), pods with crinkle wing edges (#44) and raphe visible fromthe hilum through the lens and base of the seed to the point
opposite hilum (#46). Subclade Lo comprised three species;
P. obovalis, P. monophyllus and P. lecomtei, and is supported by
bootstrap value of 91% and having a prostrate growth habit (#2),
83H.N.N. Fatihah et al. / South African Journal of Botany 83 (2012) 78–88unifoliolate leaves (#7), mucronate terminal leaflets (#11) that are
cordate at base (#12), glabrous calyx (#21) and bifid stylar apex
(#39). In this subclade, P. obovalis grouped with P. monophyllus
and they are both characterised by the terminal leaflet length that is
less than 10 cm (#8), prominent veins on the abaxial leaflet surface
(#13) and ovary pubescence in a whorl (#36). Subclade Vi
comprised P. lukafuensis and P. lancifolius that are supported as
sister by the ovate stipules (#4), leaflets less than 5 cm wide (#9),
elliptic terminal leaflets (#10), racemose inflorescences (#16),
flowers less than 10 per inflorescence (#17) and subterminal
stigmas (#37) with prolongation of the style beyond the stigma.
The position of subclade Vi is also strongly supported by bootstrap
value of 95%, confirming the relationship between both species.
Subclade Ps consisted of one annual herb, P. tetragonolobus, and
two perennial herbs, P. scandens and P. palustris. This subclade is
supported by the petiole length that is less than 5 cm (#14) and
pods with a lignified exocarp (#40). Psophocarpus palustris is
sister to both P. tetragonolobus and P. scandens. Psophocarpus
tetragonolobus and P. scandens share the petiolule length that is
equal to or more than 2 cm (#15), keels with no sculpturing (#33)
and pods with crinkled wings (#44).
The equally parsimonious tree in Fig. 4 differs from Fig. 3 in
the topology of subclade Lo which here comprises P. obovalis,
P. monophyllus and P. lecomtei. Psophocarpus obovalis is
sister to P. monophyllus and P. lecomtei. This group is supported
by a prostrate habit (#2), mucronate terminal leaflets (#11), veins
not prominent on abaxial leaflet surface (#13), calyx glabrous
(#21), ovary pubescence in a whorl (#36) and a bifid stylar apex
(#39). Psophocarpus monophyllus and P. lecomtei grouped
together by both having unifoliolate leaves (#7) and bracteoles as
long as or longer than the calyx (#21). Another difference between
the two tree topologies is the positions of character #8, which is18 44 46
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Fig. 5. Psophocarpus species monophyletic subclade labelled as Ps, Vi, Lo and Lp. P
P. obovalis, PLA=P. lancifolius, PLU=P. lukafuensis, PP=P. palustris, PT=P
parallelisms; crosses=reversals.interpreted as a paralellism for P. monophyllus and P. obovalis in
Fig. 3 and a reversal for P. lecomtei in Fig. 4. Other character
transformation series within the whole tree were found to be
identical to those in Fig. 3.
3.2. Proposed classification of Psophocarpus species
The four monophyletic subclades generated from the cladistic
analysis (Fig. 5) are congruent with those in Table 1.
Psophocarpus obovalis, P. monophyllus and P. lecomtei grouped
together in the monophyletic subclade Lo (subgen. Lophostigma).
Among these species, P. monophyllus and P. lecomtei were most
closely related on the basis of unifoliolate leaves (#7) and bracteole
length (#21), while the remote P. obovalis is distinguished by its
trifoliolate leaves. The difference in leaflet number was an
important distinction between these three species, but other
characters such as a bifid stylar apex, prostrate growth form,
mucronate terminal leaflet, veins that are not prominent on the
abaxial leaflet surface, a glabrous calyx and whorled ovary
pubescence together outweighed leaflet number difference in
order to form a grouping of subgen. Lophostigma. This clade is in
agreement with Maxted's (1990) classification since the bifid
stylar apex (#39) is shown to be an important synapomorphy for
these three species.
The second monophyletic subclade Vi (sect. Vignopsis)
comprised P. lukafuensis and P. lancifolius. It was supported
by ovate stipules (#4), leaflet width less than 5 cm (#9), elliptic
terminal leaflets (#10), racemose inflorescences (#16), flower
number less than 10 flowers per inflorescence (#17) and
subterminal stigmas (#37). In this analysis, the position of the
stigma with prolongation of the style beyond the stigma was
defined as subterminal while the position of the stigma at thePT
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Table 1
Psophocarpus species monophyletic subgroups.
Monophyletic subgroup (Subgen. Longipedunculares)
P. grandiflorus*
Monophyletic subgroup (Subgen. Lophostigma)
P. obovalis
P. monophyllus
P. lecomtei
Monophyletic subgroup (Section Vignopsis)
t (Subgen.Psophocarpus)P. lancifoliusP. lukafuensisMonophyletic subgroup (Section Psophocarpus)P. palustris
P. tetragonolobus
P. scandens
* P. grandiflorus was basal to other Psophocarpus species.
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explained why the terminal stigma position was not one of the
synapomorphies for P. lukafuensis and P. lancifolius as reported in
Verdcourt and Halliday's (1978) and Maxted's (1990) classifica-
tions. In addition, glabrous stipules (#6) and a glabrous calyx
(#21) support Maxted's suggestion that P. lukafuensis is
remotely linked to P. tetragonolobus.
The monophyletic subclade Ps (sect. Psophocarpus) consisted
of three closely related species, P. palustris, P. tetragonolobusFig. 6. Distribution of the Africaand P. scandens, with the pods with lignified exocarps (#40)
being synapomorphic for the group. Within this subclade,
P. tetragonolobus was shown to be more closely allied to
P. scandens than to P. palustris by having the petiolule length
equal to or more than 2 cm (#15), keels with no sculpturing (#33)
and pods with crinkled wings (#44). Although historically there
has been confusion over the specific status of the P. palustris–
P. scandens complex (Maxted, 1989), our results indicate a clear
distinction of the central and east African P. scandens from the
West African P. palustris, on the basis of the peduncle length
being equal to or more than 20 cm (#18), the standard with
strongly divided lobes at the apex (#25), wings with an extra
tooth (#29) and pubescent pods (#45). Psophocarpus palustris is
distinguished by the prominent veins on the abaxial leaflet
surface (#13). Psophocarpus tetragonolobus is distinct from all
other Psophocarpus species in possessing two autapomorphies: it
is an annual herb (#1) and the wings have a T-shaped claw (#30).
The earliest branching taxon in the genus,P. grandiflorus, was
suggested by both Verdcourt and Halliday (1978) and Maxted
(1990) as a remote member of sect. Psophocarpus, along with
P. palustris, P. scandens and P. tetragonolobus. However in both
Figs. 3 and 4 it is clearly distant from these species and the degree
of isolation warrants a subgeneric distinction.
The distribution of the African and Asiatic species of
Psophocarpus based on the specimens seen during the course
of the study is shown in Figs. 6 and 7 respectively.n species of Psophocarpus.
Fig. 7. Distribution of the Asiatic species of Psophocarpus.
85H.N.N. Fatihah et al. / South African Journal of Botany 83 (2012) 78–884. Discussion
The two main objectives of this study were to test the
monophyly of Psophocarpus based on morphological data and to
examine the intrageneric relationships in the genus. With respect
to intergeneric relationships between Psophocarpus,Dysolobium
and Otoptera, this study indicates that Psophocarpus is closely
related to and possibly embedded within Dysolobium species.
Lackey (1977) and Maxted (1991) however considered
Dysolobium to be the sister group to Psophocarpus. Otoptera is
nested within some Vigna species suggesting that Otoptera is
distant from both Dysolobium and Psophocarpus. Their relation-
ships continue to require explicit examination using a molecular
and/or developmental datasets for future studies. It is interesting
to note that Schrire (2005) groups Otoptera, Psophocarpus and
Dysolobium together with Erythrina L. andDecorsea R.Vig. and0 1
Fig. 8. Standard apex form.placed Vigna more remotely in subtribe Phaseolinae on the basis
of several molecular datasets, which indicates a distinction
between the results of the morphological and molecular analyses.
Furthermore, Delgado et al. (2011) recently published a molecular
and diversification rates analysis for Vigna species and outgroups,
including Old World relatives, but no species of Otoptera,
Psophocarpus or Dysolobium were included. Therefore it is not
possible at this stage to compared Psophocarpus to its allies
because there are no comprehensive cladistic classifications avail-
able for comparison as previous classifications indicating the
position of Psophocarpus and its allies were based on narrative
phylogenetics alone.
From our analyses, only two equally parsimonious trees were
generated (Figs. 3 and 4). Both indicate that Psophocarpus is
monophyletic. Classifications of Psophocarpus species by0 1 2
Fig. 9. Standard lobe division at apex.
0 1 2
Fig. 10. Wing shape.
0 1
Fig. 12. Wing claw shape.
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Psophocarpus into two subgenera and further divided subgen.
Psophocarpus into two sections. The present study supports the
inclusion of P. lukafuensis and P. lancifolius in a distinct section
within subgen. Psophocarpus and the exclusion of P. obovalis,
P. monophyllus and P. lecomtei from subgen. Psophocarpus and
their placement in subgen. Lophostigma as proposed by Maxted
(1990). The present results disagree with Verdcourt and Halliday
(1978), Maxted (1990) and Harder (1996) in the position of
P. grandiflorus. The cladistic analysis presented in this study
indicates that P. grandiflorus is more distantly related to subgen.
Psophocarpus and sect. Psophocarpus and that the species
forms an early branching subclade here described as subgen.
Longipedunculares (Fig. 5).
Since one of the justifications for this research was to clarify
phylogenetic relationships within the genus Psophocarpus as a
means of enhancing exploitation of the P. tetragonolobus gene
pool, the close relationship between P. tetragonolobus and
P. scandens suggests that the likely progenitor of the cultivated
P. tetragonolobus is P. scandens. This is further supported by
the ecogeographic distribution of P. scandens which is found
wild in Eastern Africa but has been repeatedly introduced to the
Arabian Peninsula and Indian sub-continent, which seems logical
as the cultivated P. tetragonolobus is restricted to Asia. This
should, however, be confirmed by detailed molecular studies.
From the results obtained, the nine species ofPsophocarpus can
be placed into three subgenera: subgen. Psophocarpus consisting
of two sections; sect. Psophocarpus comprising P. palustris, P.
tetragonolobus and P. scandens, and sect. Vignopsis made up of
P. lancifolius and P. lukafuensis. The second, subgen.
Lophostigma comprises P. obovalis, P. monophyllus and P.
lecomtei with P. obovalis being relatively remote to the other
two species. The ninth species P. grandiflorus, previously
placed in sect. Psophocarpus, is shown to be a third subclade
and a new monospecific subgenus is here formalised.
Psophocarpus subgen. Longipedunculares H.N. Nur
Fatihah, N. Maxted and L. Rico subgenus novum. Stigmate
terminali pagina interna dense penicillata instructo, foliis
trifoliolatis, foliolis ovatis integris, pedunculo≥20 cm, bracteoles0 1
Fig. 11. Wing extra tooth.7–10 mm, vexilloN25 mm, carina rostrata, ala leguminis ad
marginem crispate, arillo non evoluto distinguendum.
Type species: P. grandiflorus Wilczek in Bull. Jard. Bot.
Brux. 24:414 (1954).
Included species: P. grandiflorus Wilczek.
This study is the first attempt to suggest a phylogenetic frame-
work for the genus Psophocarpus, which will provide a basis for
future molecular, cytological or phytochemical investigations as
well as the evolutionary relationships of P. tetragonolobus and its
allies.Acknowledgements
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Psophocarpus grandiflorus Wilczek: Alluaud 364 (P),
Bidgood, Leliyo & Vollesen 7890 (K), Friis 2196 (K), Froment
206 (BR), Ghequizse 4935 (BR), Gutzwiller 749 (BR), Hancock
197 (K), Loveridge 344 (K),Mone 6227 (K),Mooney 8661 (BR),
Reekman 10691 (K), Segentaler 1483 (K), Strauffer 40 (K),
Thomas 2587 (BR), Westphal 2666 (K), Psophocarpus
tetragonolobus (L.) DC.: Boivin 1853 (G), Bon 4232 (G), Brass
21939 (G, K), Cumming 656 (G, P), Degenere 11395 (G), Ford
170 (K), Henry 1901 (P), Irvine 3619 (K), Jahni 1 (K), Krukoff
4272 (G), Lezon 656 (K),Maunting s.n. (G),Mendoza 3103 (BR),
Perrottet 1819 (G), Westphal 9595, 9647 (P). Psophocarpus
palustris Desv.: Abidjan 810 (G), Berhaut 1045 (BR, P),
Chevalier 22719 (P), Dalziel 1906, 8016 (K), Deighton 3466,
3611 (K), Espirito Santo 1664 (K), Felix 1398 (P), Geerling and0 1
Fig. 13. Keel sculpturing.
0 1
Fig. 14. Stigma position.
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Irvine 4792 (K), Letouzey 3566 (K), Linder 1019 (K), Morton
A135 (K, P), Morton GC9674, SL2499 (K), Oloruferni &
Macauley 62047 (K), Roberty 15549, 6873, 13469 (G), Stolz
1521 (G), Talbot 1318 (K), Thomas 6537 (K), Twillet 1827 (G),
Wallich 1164 (G), Wilde 952B (K). Psophocarpus scandens
(Endl.) Verdc.: Baum 1005 (G), Blancket 239 (G), Breteler 2938
(BR),Compere 733 (BR),Dacrumont 10 (P), Fanshawe 8943 (K),
Faulkner 2690 (BR), Germain 1921 (G), Goossens 2413 (BR),
Goudot 1833 (G),Hepper 4086 (P), Jalani 2,3,6 (K), Leeuwenberg
7023 (BR), Letouzey 13155 (K), Moncand 127 (G), Pickersgill
Q1539,1586 (K), Salzmann s.n. (G), Schlieben 1126 (P), Vasse
427 (P), Wagemans 1703 (BR), Westphal 9647 (K), Westphal et
Westphal Stevels s.n. (BR), Yuncker 17, 955 (G), Zimmermann
918 (G). Psophocarpus obovalis Tisserant: Myers 9292 (K),
Tisserant 749 (K). Psophocarpus monophylus Harms: Adams
347 (K), Chevalier 21972a, 21972b, 21972c (P,P,BR), Espirito
Santo 3095 (BR), Laferrere 74 (BR), Mali 252, 3577 (P), Marc
Laferrere 74 (BR). Psophocarpus lecomtei Tisserant: De Witte
3118, 5979 (K, BR), Le Testu 4102b, 4102c (P, BR), Tisserant 379
(P), Verheyen 3118b (P). Psophocarpus lancifolius Harms:
Baudet 350 (K), Buchanan 158 (K), Chandler 1590 (K), De
Witte 163, 5607 (BR), Homble 1184 (BR), Lebrun 3874, 8903
(BR, P, G), Milne-Redhead & Taylor 8961 (BR), Pawek 4641,
12531 (K, BR), Polhill & Paulo 1744,1744a (BR, P), Pringle
6471 (K), Richards 8571, 15053a (BR, K), Robinson 5051 (K),
Stolz 803 (G), Tweesie 3101 (K). Psophocarpus lukafuensis (De
Wild.)Wilczek:Fanshawe 1024a, 1024b (K, BR),Macauley (K),
Verdick 401 (K),White 7153a (K). Vigna vexillata (L.) A.Rich.:
Strey 9504 (K), Wickens s.n. (K). Vigna lasiocarpa (Benth.)
Verdc.: Jenman 5506 (K), Vigna monophylla Taub.: Richards
3909 (K). Vigna racemosa Hutch. & Dalziel ex Baker f.: Bates
632 (BM). Vigna frutescens A.Rich.: Bagshawe 232 (K). Vigna
speciosa (Kunth) Verdc.: Basurto & Duran 176 (BM). Vigna
mungo (L.) Hepper: Portman 10/4/70 (SPN). Otoptera
burchellii DC.: Blair Rains 9 (K), Eyles 163 (K), Leach & Noel
20 (K), Legard 240 (K), Norman R57A (K), Plowes 39803 (K),
Richards 14615 (K), Seydel 479, 3903 (K,G), Wendermann &
Oberdieck 2278 (K). Otoptera madagascariensis R.Vig.: Bosser
17428 (P), Humbert 11568 (G), Peltier 1335 (P), Perrier 16649
(P). Dysolobium grande Prain: Cavalene 3674 (K), Chiwiwat &
Nimanong 25 (K),Clarke 37158 (K),Constantino 15380 (K),Das395 (K), Ham s.n. (K), Kerr 39, 1407, 2162 (K), Larsen 34243
(K), Parry 756 (K), Willliamson 57-221a (K). Dysolobium
dolichoides Prain: Hooker 17(1867) (K). Dysolobium pilosum
(Willd.) Maréchal: Haselfoot-Haines 3918 (K), Hooker 23 (K),
Mooney 1622 (K), Playfiar 313 (K), Poilane 8513 (K), Ramos
22464 (K),Wight 1036–243 (K).Dysolobium apioides (Gagnep.)
Maréchal: Poilane 14010c (BM). Dysolobium lucens Prain:
Cavillier 5601 (G).
Appendix B. Morphological characters and character
states for the cladistic analysis
Habit. 1, Life history: (0) perennial, (1) annual. 2, Growth
habit: (0) climber, (1) prostrate. Stipule. 3, Stipule length: (0)
less than 0.5 cm, (1) equal to or more than 0.5 cm. 4, Stipule
shape: (0) lanceolate, (1) ovate. 5, Stipule base projection: (0)
projected, (1) not projected. 6, Stipule indument at outside: (0)
pubescent, 1 glabrous. Leaf. 7, Leaflet number: (0) trifoliolate,
(1) unifoliolate. 8, Terminal leaflet length: (0) less than 10 cm,
(1) equal to or more than 10 cm. 9, Leaflet width: (0) less than
5 cm, (1) equal to or more than 5 cm. 10, Terminal leaflet
shape: (0) ovate, (1) elliptic. 11, Terminal leaflet apex shape:
(0) acute, (1) mucronate. 12, Terminal leaflet base shape: (0)
angustate or truncate, (1) cordate. 13, Veins on abaxial leaflet
surface: (0) not prominent, (1) prominent. 14, Petiole length:
(0) less than 5 cm, (1) equal to or more than 5 cm. 15, Petiolule
length: (0) less than 2 cm, (1) equal to or more than 2 cm.
Inflorescence. 16, Inflorescence type: (0) pseudoraceme, (1)
raceme. 17, Number of flowers per inflorescence: (0) less than
ten, (1) equal to or more than ten.18, Peduncle length: (0) less
than 20 cm, (1) equal to or more than 20 cm. 19, Bracteole
apex shape: (0) acute, (1) obtuse. 20, Bracteole to calyx length
ratio: (0) shorter than calyx, (1) as long as or longer than calyx.
21, Calyx indumentum: (0) pubescent, (1) glabrous. Flower.
22, Standard shape outline: (0) rounded, (1) obovate. 23,
Standard shape at apex: (0) rounded, (1) emarginate. 24, Standard
apex form: (0) smooth, (1) crinkled (Fig. 8). 25, Standard lobe
division at the apex: (0) not divided, (1) weekly divided, (2)
strongly divided (Fig. 9). 26, Standard appendages: (0) absent, (1)
present. 27, Wing shape: (0) shape 1, (1) shape 2, (2) shape 3
(Fig. 10). 28, Wing apex shape: (0) beaked, (1) rounded. 29,
Wing with extra tooth: (0) absent, (1) present. (Fig. 11). 30, Wing
claw shape: (0) simple, (1) T-shaped (Fig. 12). 31, Keel spiral at
apex: (0) present, (1) absent. 32, Keel pouch: (0) absent, (1)
present. 33, Keel sculpturing: (0) absent, (1) present (Fig. 13).
Filaments. 34, Vexillary filament attachment at the middle of the
tube: (0) free, (1) joined.Ovary. 35, Ovary shape: (0) oblong, (1)
linear. 36, Ovary indument position: (0) lateral, (1) whorled.
Stigma. 37, Stigma position: (0) subterminal, (1) terminal
(Fig. 14). Style. 38, Style indument at the base: (0) absent, (1)
present. 39, Style apex shape: (0) not bifid, (1) bifid. Pod. 40, Pod
exocarp: (0) coriaceous, (1) woody, (2) lignified. 41, Pod outline:
(0) linear, (1) oblong, (2) ellipsoid. 42, Pod cross section: (0) nearly
flat, (1) rounded or square. 43, Pod wing: (0) not prominent (1)
prominent. 44, Pod wing edge: (0) entire, (1) crinkled. 45, Pod
indumenta: (0) glabrous, (1) pubescent. Seed. 46, Raphe visiblility:
(0) not visible, (1) visible. 47, Hilum length: (0) less than 0.1 cm,
88 H.N.N. Fatihah et al. / South African Journal of Botany 83 (2012) 78–88(1) equal to or more than 0.1 cm. 48, Position of hilum: (0) not
central, (1) central. 49, Hilum concealation: (0) fully concealed by
funicular remnant, (1) spatially concealed by an aril. 50, Seed aril:
(0) absent, (1) present. 51, Hilar groove: (0) absent, (1) present.
Appendix C. Data matrix for 51 morphological characters;
Plesiomorphic state=0, apormorphic state=1 or 2, missing
data=?
111111111122222222223333333333444444444455
123456789012345678901234567890123456789012345678901VR 001000000000000010000010100000100000000?0?????10?1?
VMO 0000011000000??011000010100000110000000?0?????11?0?
VX 001000000000000001000010110000100010000?0?????11???
VMU 00100000000001100?010010110000100000000????????????
VL 001110000000000000??0010100000010010100????????????
VS 000010000000000000100010100000100010100????????????
VMA 00010000000000001000101010000001?010000?0?????11?0?
OB 00000000011000000010010001001011111001000000010?000
OM 00000000011000000010010001001011111001000000010?000
DL 0001100110000110101000101111101110001000??0?1??????
DA 00001000000000001?000010101??01000000000??0????????
DP 00001000001000001000001010111011001011000000101?111
DG 00001001100001101110001011111010000010011100101?111
DD 00011001101001101000001010111011000010001100111?111
PG 00100001100001101110001011210011111010001111111?111
PT 101001001000011000101010112101110110100211110??????
PP 001000001000110010000110112100111110100211100??????
PS 001000001000011011000110212110110110100211111?1?1??
PO 011000011110101010101110112100100111101011101??????
PM 01100011101110?010101111112100111111101011101??????
PLE 01100010101100?010101110112100111110101021101??????
PLA 00110000010000010001011011210011111000001110001?111
PLU 001101000100000100001110112100111110000011100??????References
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